Objective-Bronchoalveolar lavage (BAL) is a well established technique for the detection of pathogens in immunosuppressed children, but its diagnostic yield is variable. The aim of this study was to
investigate whether BAL differential cell counts are helpful in the evaluation ofpulmonary infiltrates in immunocompromised children. Study design-BAL was performed 28 times in 27 febrile immunocompromised children with pulmonary infiltrates. All patients were pretreated with broad spectrum antibiotics; 11 children also received amphotericin B. BAL was conducted with a flexible bronchoscope wedged in the area ofmaximal pathology as suggested by the chest radiograph or in the middle lobe in patients with diffuse interstitial radiographic changes. Differential cell counts were performed from cell smears obtained after centrifugation of BAL fluid. Results-Bacterial or fungal organisms were detected in BAL fluid of 12 patients. Patients with bacterial or fungal infections (group 1) had a significantly higher percentage of granulocytes in BAL fluid both compared with patients with sterile BAL cultures (group 2) and with a control group of children without pulmonary disease (p < 0.001, Wilcoxon test). The proportion of lymphocytes was not different from the control group in group 1 but significantly increased in group 2 (p < 0.001, Wilcoxon test). Blood differential cell counts were not different in the two patient groups. Lymphocyte subsets of BAL fluid obtained in a subgroup of patients were not significantly different from controls. Conclusion-These data suggest that BAL differential cell counts may be a useful adjunct in the differential diagnosis of pulmonary infection in immunocompromised children.
(Arch Dis Child 1996;74:507-51 1)
Keywords: bronchoalveolar lavage, immunosuppression, pulmonary infiltrates.
Pulmonary infiltrates in immunosuppressed patients are a challenge to the physician as both clinical signs and the radiological appearance are non-specific and can be caused by a wide spectrum of pathogens.' In recent years, bronchoalveolar lavage (BAL) has emerged as a sensitive technique for achieving a specific BAL was performed under general anaesthesia in all but the oldest subject who was studied under local anaesthesia with lidocaine. Children received flunitrazepam (0.04 -0.05 mg/kg body weight) orally one hour before the procedure. In children under 6 years anaesthesia was initiated by inhalation of a nitrous oxide-oxygen mixture with 2.5 volume (vol) % halothane. Subsequently venous access was achieved and atropine (0.01 mg/kg body weight), vecuronium (0.05 mg/kg body weight), and alfentanil (0.05 mg/kg body weight) were given intravenously. The halothane concentration was then reduced to 1.5 vol %. In children older than 6 years venous access was obtained first and methohexitone 1-1.5 mg/kg body weight was given followed by atropine, vecuronium, and alfentanil as described above. After intubation pure oxygen was given with 1.5 vol % halothane for the bronchoscopy.
A flexible bronchoscope (Pentax 3.5 or 4.9 mm) was introduced through an adapter attached to the endotracheal tube thereby maintaining mechanical ventilation. The bronchoscope was wedged in the area of maximal pathology as suggested by the radiograph or in the middle lobe in patients with diffuse interstitial changes. BAL was performed with normal saline warmed to body temperature (37°C); 1 ml/kg body weight was instilled and immediately withdrawn three times.
In subjects weighing less than 20 kg, BAL was performed in three equal portions. In children weighing more than 20 kg, 20 ml portions were instilled up to a total volume of 3 ml/kg body weight. The first fluid sample was used for bacterial and fungal studies only; subsequent samples were pooled for analysis. Both samples were stained by the Gram, ZiehlNeelsen, and potassium hydroxide methods. In addition, bacterial, fungal, and viral cultures as well as silver stains for P carinii were performed on the pooled BAL fluid samples.
For the analysis of BAL cells, BAL fluid was filtered through sterile gauze and centrifuged at 500 g for 10 minutes. The cell suspension was washed three times in Eagle's minimal essential medium (MEM) containing 0.2 % bovine serum albumin and 0.1 % EDTA and resuspended in MEM. Bronchoalveolar cells were counted and cell viability was assessed by the trypan blue exclusion test. Differential cell counts were obtained from smears stained with May-Grinwald-Giemsa. At least 600 cells were counted in each subject.
Lymphocyte surface markers were assessed with the peroxidase antiperoxidase method. This technique has been descnrbed in detail elsewhere. 15 In summary 10 p1 of the cell suspension are incubated on commercially available adhesive glass slides (Bio-Rad). Attached cells are fixed with a 0.05% solution of glutaraldehyde to block Fc receptors and preserve cell morphology. After washing with 0.3 M glycine buffer to prevent binding of monoclonal antibodies to free aldehyde groups, preincubation with a Ratjen, Costabel, Havers patients not responding to empiric treatment, BAL offers the opportunity to sample material from the locus of infection. As demonstrated in this study, we were able to detect infectious organisms in a significant proportion of these children despite pretreatment with broad spectrum antibiotics. This is in agreement with previous studies in immunosuppressed children2 10 and supports the usefulness of BAL in this population. In addition, significant alterations were observed in differential cell counts of BAL fluid in immunocompromised children with pulmonary infiltrates. As in normal children, there was a predominantly neutrophil response to both bacterial and fungal infections, whereas lymphocytes were increased in the absence of bacterial or fungal pathogens. No concomitant changes could be observed in the differential cell counts of blood leucocytes at the time ofBAL. Thus, even though these children were unable to evoke a systemic response to the pulmonary infection, the composition of the cells obtained from the focus of infection reflected the expected cellular response to the infectious agent.
Previously, little has been known about the differential cell counts of BAL fluid in children. De Blic et 17 These results are in agreement with this study where we found marked cell proliferation on the bronchoalveolar surface despite systemic leukopenia. Although considerable variability was seen in BAL cytology in response to the pathogens, these data indicate that the differential cell count on the bronchoalveolar surface may be of value in the differential diagnosis of infiltrates in immunocompromised hosts.
As we have previously demonstrated in children without lung disease CD8 cells are the predominant lymphocyte cell type encountered in BAL of normal subjects. '5 This was not the case in children with negative BAL cultures in this study who had more CD4 cells in BAL fluid and therefore a CD4/CD8 ratio in excess of 1. However, significant interindividual variability was observed largely due to a markedly higher value (CD4/CD8 ratio = 7.8) in one child who underwent bone marrow transplantation and had engraftment on the day of lavage. Overall, the analysis of lymphocyte surface markers rendered little additional information to the differential diagnosis in the study population.
In summary, we have shown that BAL is useful in detecting pathogens in immunosuppressed children with pulmonary infiltrates despite pretreatment with broad spectrum antibiotics. In addition, significant differences were observed in BAL differential cell counts between children with bacterial or fungal infections and those with negative BAL cultures. Children with bacterial or fungal infection had higher neutrophil cell counts whereas lymphocytes were increased in children in whom no organisms were cultured from BAL fluid.
Accordingly, children with an increased percentage of neutrophils had a high probability of bacterial or fungal organisms in BAL fluid whereas a predominance of lymphocytes was associated with negative BAL cultures in most cases. These data suggest that the analysis of differential cell counts in BAL fluid can be of value in the differential diagnosis of pulmonary infiltrates in immunocompromised children. Further studies are warranted to assess the response of BAL cells to specific pathogens. 
